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Abstract: Ageing is defined by the decline in the biological and physiological functions over time,
which leads to health problems and increases risks of diseases. The modern societies are characterised
by an ageing population, which represents challenges for the healthcare system. Within this context,
there is a need to better understand the biological mechanisms beyond ageing in order to optimise
geriatric therapies and medical approaches. Herein, we suggest exploring the genetic and epigenetic
patterns related to ageing and correlate them with the ageing-related phenotype of the biological
entities in order to establish mechanistic links and map the molecular pathways. Such links would
have diverse implications in basic research, in clinics, as well as for therapeutic studies.
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In the twentieth century, human life expectancy has significantly increased [1] mainly
due to the medical advances and improved healthcare human civilisation has developed [2,3].
For instance, life expectancy in the developed countries increased by around 30 years for
both white males and females between 1900/1902 and 2011 [1]. It is worth noting that in
the USA, for instance, there are differences in the life expectancy among racial and ethnic
groups [4]. In addition, life expectancy is projected to continue to increase especially in
industrialised countries [5]. Such development led to the increase in the elderly population
and the healthcare needs that accompanies such change. Therefore, geriatrics—a branch of
medicine focusing on elderly related pathologies and care [6,7]—acquired more importance
within modern health sciences. Ageing can be defined by the effect of time on biological
entities under the influence of exogenous factors, as well as the results of the endogenous
reactions and processes inside the biological entity that can be a cell, a tissue, an organ,
or an organism. It leads to a decline in the “biological efficacy” to perform the various
biological and physiological functions required to maintain homeostasis at various levels,
such as metabolism, immunity, cognition, and biomechanics. The first related fact is that
ageing represents a risk factor for various diseases and health conditions, including during
the ongoing COVID-19 crisis [8]. In addition, other health conditions, such as obesity,
also accelerate ageing. Furthermore, the unhealthy lifestyle that characterises our era also
contributes towards an unhealthy course of ageing [9,10]. Such unhealthy lifestyle habits
include sedentarism and physical inactivity [11], poor diet [12], and tobacco use [13], and
these increase the risk of various health problems, such as metabolic syndrome, hyper-
tension, insulin resistance [14], cerebrovascular diseases [15], and type 2 diabetes [16,17].
Regarding the pathophysiology of ageing, this involves various processes at the subcel-
lular level, such as oxidative stress [18,19], metabolic decline/dysfunction [20-22], and
extracellular-matrix degradation [23]. At the functional level, ageing is associated with
vascular and haemodynamic changes [15] (e.g., arterial stiffness [24], ventricular dysfunc-
tion [25] and heart failure [26]), dementia [27,28], muscle-function decline [29], respiratory-
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function decrease [30], skin damage [31], and bone loss [32], among other physiological
changes [33-37].

With ageing societies, there is an urgent need to tackle age-related disorders. From
one perspective, we need preventative approaches to improve healthy ageing; this requires
education, sensibilisation, and probably government measures in order to encourage the
general population to adapt to a healthy lifestyle in terms of physical activity, diet balance,
sleeping habits, etc. The second level of action would be treatments, including therapies
that target the consequences of ageing or geriatric diseases. Within this context, therapeutic
targeting at the molecular and cellular levels is based on sufficient knowledge of the
underlying pathways beyond the ageing phenotype. There is a need for exploration of the
diverse biochemical and molecular changes seen in or resulting from ageing. Following
this line of thought and considering that genomic instability is among the hallmarks of
ageing [38], literature has described the ageing-related molecular features surrounding
genes. Therefore, highlighting the genetic and epigenetic features characterising ageing
and the correlation they have with both the ageing phenotype and geriatric symptoms
would represent a strong approach to understand the mechanisms underlying ageing.

Genes’ expression patterns during ageing have been explored by genomics via various
methods [39] that identified genes that are either overexpressed or downregulated with
ageing. For instance, genes such as apolipoprotein D [40] and inflammation genes [40]
are overexpressed with ageing, whereas other genes, including protein synthesis machin-
ery [41] and collagen genes [40], are downregulated. Such expression patterns that change
depending on ageing suggest a role of those genes either in the ageing process or, possibly,
as a response (feedback) to ageing-related changes, aiming to both conserve homeostasis
and prevent the biological decline.

Furthermore, while age-related genes’ expression can change depending on tissue-cell
types [42], ageing-related DNA damage also has a central role in ageing [43]. Additionally,
mitochondrial DNA expression also changes as genes’ encoding mitochondrial proteins
are downregulated [41].

Epigenetic patterns of ageing have also been associated with ageing; these include
DNA methylation [44], histone modification, chromatin remodeling, and non-coding
RNAs [45]. In addition, RNA remains worth exploring considering that the dysregulation
of mRNA processing is also among the hallmarks of cellular ageing [41].

Interestingly, exploring the impacts of ageing therapies (such as exercise) on the above
factors in terms of expression changes is also of a particular importance and would facilitate
the mapping of related therapeutic mechanisms. For instance, exploring both exercise-
induced genes and genes for which the expression decreases with ageing allowed us to
characterise secreted protein, acidic, and rich in cysteine (SPARC) as an exercise-induced
gene that would counteract ageing [46—48]. Thus, we hypothesised that SPARC could
be the molecular link via which exercise has anti-ageing effects [46]. We also suggested
that, considering SPARC mediates exercise-induced benefits [49], SPARC administration
could represent a substitute to exercise [50]. This is of a specific importance especially for
elderly patients who are not able to perform the required physical activity due to diseases,
hospitalisation, or physical disabilities [51]. This would allow them to possibly receive some
of the exercise benefits although they are not able to perform exercises. Furthermore, the
hypothesis pointing to SPARC as a major mediator of exercise-induced benefits is supported
by the properties that have been associated with SPARC, including regeneration [52,53],
anti-inflammation [54], anticancer [55], and metabolic changes [56,57], which are effects
that can be obtained with exercise as well [58-63].

As an approach to plan future works to investigate ageing, the idea of this piece of
writing is to explore the genetic and epigenetic changes in biological models of ageing and
patients, and to compare those changes to the ageing-related phenotypes (i.e., symptoms,
biological markers, etc.) seen in those same biological models of ageing and patients. This
will contribute to elucidating the pathways’ underlying ageing mechanisms, which would
have a variety of applications (Figure 1) in basic research, therapeutics, clinical studies,
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prevention, and geriatric studies. The phenotype constitutes a variety of biological patterns
related to ageing or for which ageing represents a risk factor and includes muscle loss [64],
atherosclerosis [65], respiratory-muscle senescence [66], the decline in learning ability [67]
and the loss of proteostasis [43]. Identifying such phenotypes and their equivalent in ageing-
related genomics will also contribute to a better mapping of the underlying pathways.
With the recent advances, it is worth mentioning that the links between microbiota and
ageing [68-70], as an area, are the biology of geriatrics and the question of cause-and-effect
relationships has been explored [71].
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Figure 1. Exploring ageing-related genetic and epigenetic changes, and correlating them with ageing
phenotype would have various implications in basic research, clinical studies, and geriatric healthcare.

Another perspective, following the same logic, is to induce such genetic and epige-
netic changes in cell cultures or in animal models and observe the resulting age-related
phenotypes in terms of symptoms and pathological features. For instance, free radicals are
a good example for the induction of DNA damage [72] and the oxidatively induced DNA
damage can be measured by mass spectrometry [73].

These illustrative examples represent the selected biological changes seen in ageing
that, when combined together and/or with other markers, could also lead to an optimised
biological ageing measure. Herein, the Tabula Muris Consortium published in 2020, which
is a single-cell transcriptomic atlas that characterises ageing tissues in the mouse [38],
represents an important set of data for the study of ageing.

Deeper exploration of changes related to ageing at the molecular and cellular levels,
combined with the related phenotype, will reveal the underlying pathways of those pheno-
types, identify potential therapeutic targets, optimize animal and cellular models of ageing,
and evaluate the treatment approaches on these models by evaluating how such treatments
impact the expression of genes, RNA profile, and epigenetics that are used as markers to
evaluate biological-ageing progress and severity.
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